A lthough commonly considered simple organisms that grow as single cells, many bacteria can grow as filaments made of chains of cells. In cyanobacteria, prokaryotes that perform oxygen-evolving photosynthesis, filamentous forms developed early in evolution (1) . In the most complex filamentous cyanobacteria, as many as four cell types can be found: vegetative cells that perform oxygenic photosynthesis and concomitant CO 2 fixation; the cells of hormogonia, which are small motile filaments frequently made of small cells; akinetes, which are resting cells; and heterocysts, which are terminally differentiated cells specialized in the fixation of atmospheric nitrogen (2, 3) . In a cyanobacterial filament, the heterocysts differentiate from some vegetative cells in response to nitrogen deficiency (2) (3) (4) . In cyanobacteria of the genera Anabaena or Nostoc, heterocysts form intercalary along the filament, producing a nonrandom pattern of one heterocyst to approximately 10 to 15 vegetative cells. However, can any cell in a filament differentiate into a heterocyst? In PNAS, Risser et al. (5) present evidence consistent with the idea that, at a given time, only some cells in the filament have the capability to differentiate.
Nitrogenase, the enzyme that catalyzes N 2 fixation producing ammonia, is oxygen-labile, but the heterocysts provide a microoxic environment for its function (2) (3) (4) . The process of heterocyst differentiation involves the execution of a specific program of gene expression that includes the induction of regulatory genes, some of which act early in the process, and of genes encoding the proteins for the morphological and biochemical differentiation of the heterocyst, including nitrogenase (6) . When a source of combined nitrogen is exhausted from the culture medium, the cells in the filament sense nitrogen starvation as an increase in the cellular levels of 2-oxoglutarate, the metabolite in which ammonia is incorporated through the glutamine synthetase-glutamate synthase pathway to produce the nitrogen-containing organic material (2). 2-Oxoglutarate is a positive effector of NtcA, a transcription factor that triggers the expression of genes encoding proteins for the assimilation of sources of nitrogen alternative to ammonia, the preferred nitrogen source (2, 7). To specifically promote heterocyst differentiation, another regulator, HetR, is required that appears to be also a transcription factor (8) . The induction of ntcA and hetR after nitrogen deprivation is mutually dependent producing an amplification loop of gene expression (9) . Thus, after nitrogen deprivation, the cells (or at least some cells) in the filament experience a positive response toward differentiation. However, because the filament cannot contain too many heterocysts, which do not carry out the photosynthetic fixation of CO 2 , negative elements counteracting the positive regulators play a role. The patS and hetN genes encode polypeptides containing a conserved amino acid sequence (RGSGR) that inhibits heterocyst differentiation (10, 11) . A PatS-derived peptide produced by some cells early in differentiation and HetN or a HetN-related compound produced by mature heterocysts inhibit the differentiation of nearby cells in a process that can be described as lateral inhibition, which likely involves an interaction with HetR (12, 13) . The interplay between positive and negative regulators appears to be widely used in the development of spatial patterns in metazoans (14) , and it also plays a key role in the development of the diazotrophic cyanobacterial filament.
Investigating Nostoc punctiforme (Fig.  1A) , a filamentous cyanobacterium capable of producing the four different cell types described earlier, Risser et al. (5) identify a gene, patN, whose mutation increases the frequency of heterocysts. In the patN mutant, vegetative cell intervals between heterocysts are shorter than in the wild type, but the distribution of heterocysts in the filaments is still nonrandom. Thus, the PatS-and HetNdependent lateral inhibition seems to operate in the patN mutant, and inhibition of differentiation by PatS has indeed been corroborated (5) . Analyzing the fluorescence from a PatN-GFP fusion protein, Risser et al. observe the protein in the periphery of the cell, consistent with a cytoplasmic membrane location, but with an uneven distribution between cells. Further, a dynamic pattern of localization was apparent (5). Before cell division, PatN-GFP localizes to one half of the cell, resulting in inheritance of PatN-GFP in only one of the two daughter cells, but both cells eventually accumulate PatN-GFP in the half of the cell proximal to the most recently formed intercellular septum. Thus, in each round of cell division, some cells result that are transiently devoid of PatN-GFP (Fig. 1B) . It is postulated that PatN impedes heterocyst differentiation and that the cells lacking (or having a low concentration of) PatN are poised to differentiate if nitrogen deficiency is sensed. Thus, biased inheritance of a cell fate determinant, likely a universal theme in biology (15) , would also play a role in the development of the diazotrophic cyanobacterial filament. Two important questions arise. First, how is the asymmetric distribution of PatN established? Second, how does PatN impede cell differentiation? First, analyzing a transcriptional fusion of the gfp gene to the patN gene promoter, Risser et al. (5) show that the expression of patN takes place in all cells of the filament when they grow in the presence of ammonium, as well as after nitrogen deprivation. This implies that the uneven distribution of PatN in the filaments results from posttranslational regulation rather than from differential gene expression. Therefore, a mechanism for the dynamic localization of PatN resulting in an asymmetric distribution in the cyanobacterial filament is there to be uncovered. Second, by using DNA microarray analysis, the authors find that PatN affects the expression of some genes, including patA (5). Mutants of this gene form heterocysts preferentially at the filaments termini (16) , and PatA is postulated to counteract the negative effects of PatSand HetN-related regulators on heterocyst differentiation (2, 4) . By performing genetic analysis, Risser et al. (5) A two-stage model of heterocyst differentiation involving biased initiation followed by competitive resolution has been previously proposed (3) . Whereas experimental support for competitive resolution of cells simultaneously starting differentiation was available (10-13), Risser et al. (5) now identify a factor putatively influencing biased initiation of heterocyst differentiation. Genes encoding homologues to PatN are present in all heterocystforming cyanobacteria for which the complete genomic sequence is available, indicating that PatN may generally participate in heterocyst differentiation. Evolution has worked producing complex organisms in the most distant phylogenetic groups, but the evidence that general principles govern the development of biological patterns in distant organisms, from cyanobacteria to metazoans, illustrates the unity that underlies diversity in biology.
